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Plasma DOPA levels and growth hormone response
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SUMMARY It has been suggested that the therapeutic response to levodopa in patients with Parkin-
son's disease may be related to changes in plasma growth hormone concentration. In order to examine
this problem, we have determined plasma DOPA and growth hormone levels after a standard oral
levodopa load in 32 patients with Parkinson's disease. Levodopa caused an increase in plasma growth
hormone concentration in 30 subjects. The magnitude and timing of this growth hormone response
was not related to the clinical response, the presence or absence of response swings, or the occurrence
of dyskinesias. The growth hormone response to levodopa is normal in patients with Parkinson's
disease and not altered by long-term levodopa treatment.

Tang and Cotzias (1976) suggested the idea that
periodic growth hormone (GH) release in response
to levodopa might affect the levodopa response and
account for the appearance of some varieties of
'on-off' response swings, and possibly also influence
levodopa induced dyskinesias. We have studied
plasma DOPA and GH levels in patients with
Parkinson's disease on levodopa therapy to establish
whether the levodopa-GH response is normal in
Parkinsonism, and to show to what extent the anti-
Parkinsonism response to levodopa (which is
probably due to stimulation of nigrostriatal dopa-
mine receptors) and the GH response (which is
probably due to stimulation of hypothalamic dopa-
mine receptors) are related.

Methods

LEVODOPA-TREATED PATIENTS WITH STABLE
CLINICAL RESPONSE
Eighteen patients, 14 male and four female, aged
53-76 years (mean 65 years), with idiopathic Parkin-
son's disease of one to 23 years' duration (mean
eight years) were investigated. All these patients had a
fairly stable and sustained response to levodopa.

LEVODOPA FAILURES
Eight patients, four male and four female, aged
57-73 years (mean 63 years), with the clinical
features of idiopathic Parkinson's disease of five to
15 years' duration (mean nine years) were investi-
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gated. Four of these patients initially responded to
levodopa, but this response was lost after one or two
years of treatment. The other four patients never
responded to levodopa despite prolonged treatment.

LEVODOPA-TREATED PATIENTS WITH EARLY
MORNING AND END-OF-DOSE AKINESIA
Six patients (A-F, see Fig. 2), five male and one
female, aged 58-71 years (mean 64), with idiopathic
Parkinson's disease of eight to 11 years' duration
(mean nine years) were studied. These patients were
much more severely disabled early in the morning
than after the initial levodopa dose of each day, and
all had fluctuations in response related to fluctuations
in plasma DOPA levels.

LEVODOPA-TREATED PATIENTS WITH 'YO-YO'
RESPONSE SWINGS
Five patients, A, B, D, E, and F, had sudden un-
predictable swings in response ('yo-yo-ing'%, Marsden
and Parkes, 1976) several times each day, not clearly
related to the timing of levodopa dosage or to plasma
DOPA levels.

CONTROL SUBJECTS
The GH response to levodopa was established in
eight subjects, all male, aged 25-57 years (mean 34),
including four normal healthy subjects, two with
torsion dystonia and two with cervical spondylosis.

MEDICATION
Levodopa 0.25-8 g (18 patients) or Sinemet (250 mg
levodopa and 25 mg 1-alpha methyldopa hydrazine)
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three to five tablets daily (14 patients) had been given
before this study for periods of 0.5 to five years.
Twenty-nine of the total of 32 patients with Parkin-
son's disease were also taking anticholinergic drugs,
and 20 were on amantadine.

LEVODOPA-GH RESPONSE DETERMINATION
Plasma GH and dopa levels were determined in 26
subjects with Parkinsonism and eight control
subjects after a single dose of levodopa 1 g (18
subjects) or Sinemet one tablet (12 subjects). Patients
A-F were given levodopa 1 g (one patient) or Sinemet
one tablet (five patients) on four occasions at inter-
vals of two hours.

Breakfast (carbohydrate 32 g, fat 19 g, and protein
17 g) was given at 10.00, and lunch (40 g, 25 g, and 25 g,
respectively) at 13.00. Subjects remained fasting and
recumbent for 12 hours until the initial dose of
levodopa or Sinemet was given orally at 9.30,
accompanied by 500 ml milk (200 g carbohydrate,
15 g fat, and 15 g protein).
Levodopa or Sinemet caused nausea or vomiting in

one of eight control subjects, and in five of 32 patients
with Parkinson's disease. Vomiting was unrelated to
the magnitude or rate of increase in plasma DOPA
levels, and did not appear to alter either the clinical
or GH response.

BLOOD SAMPLING
Venous blood was taken by indwelling forearm
catheter 30 minutes before, and at 30 minute inter-
vals over a four to eight hour period after, levodopa
or Sinemet was given. The concentration of levodopa
and GH in the blood was determined by the methods
ofCurzon et al. (1972), and Schalch and Parker (1964)
respectively.

PATIENT DISABILITY
Patient disability was assessed at 30 minute intervals
over the trial period by the use of a score proforma
(Marsden et al., 1973). The occurrence of dyskinesias
was documented, and types of response swing
classified according to Marsden and Parkes (1976).
Clinical responses were related to plasma levels of
levodopa and GH.

Results

PATIENTS WITH STABLE CLINICAL RESPONSE TO

LEVODOPA
Plasma levodopa
Fasting plasma DOPA levels were low, less than 1.5
,umol/l in all the 18 patients with a fairly stable
clinical response after 0.5 to five years of levodopa
treatment. The mean peak plasma DOPA concen-
tration after levodopa 1 g was 5.6±1 ,tmol/l, and

after a tablet of Sinemet 4±0.5 ,tmol/l. Peak plasma
DOPA levels occurred earlier in patients on levodopa
(range 30-90 minutes; mean 60) than on Sinemet
(range 60-150 minutes; mean 103).
The peak plasma DOPA concentration after levo-

dopa 1 g did not show a statistically significant
correlation with age, sex, duration of Parkinsonism,
period or dosage of previous levodopa treatment.

Twelve of the 18 patients with a stable clinical
response to levodopa showed a slight reduction in
disability score one to two hours after the oral
administration of levodopa. Peak reduction in score
usually, but not always, occurred at the same time as
peak plasma DOPA levels. Despite the subsequent
fall in plasma DOPA concentration, the clinical
response remained fairly stable for four hours in
most patients.

Plasma growth hormone
The fasting plasma GH concentration was below 2
ng/ml in 14 of 18 patients on levodopa, and 2.1, 3.5,
7.2, and 11.2 ng/ml, respectively, in the four other
patients. There was no relationship between the
severity of Parkinsonism and fasting plasma GH
levels. After levodopa 1 g or a tablet of Sinemet,
there was a rise in plasma GH concentration greater
than 5 ng/ml in 16 of 18 subjects (Fig. 1). In two
subjects, there was no obvious rise in plasma GH
levels, although peak plasma DOPA levels greater
than 4 jtmol/l occurred in both subjects who also
showed a therapeutic response to levodopa.
The mean peak plasma GH concentration was

25 ±6.6 ng/ml in patients given levodopa, and 20±4.1
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Fig. 1 Plasma DOPA (p&mol/l) andgrowth hormone
(GH; ng/ml) concentration in 18 patients with
Parkinson's disease with stable clinical response to
levodopa, after standard oral levodopa I g load.
Mean values4 I SEM.
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ng/ml in patients on Sinemet. Peak plasma GH levels
occurred 30-150 minutes after levodopa or Sinemet
was given.
The peak plasma GH concentration did not show a

statistically significant relationship with the peak
plasma DOPA concentration, reduction in disability
score, age, sex, severity of Parkinsonism, duration
or dosage of levodopa treatment. In most, but not all,
patients peak plasma GH concentration occurred at
the same time as peak DOPA levels, and at the same
time as the greatest clinical response.

LEVODOPA FAILURES
Plasma levodopa
In these patients, peak plasma DOPA levels after a

standard oral levodopa load were lower than in
patients with a stable clinical response to levodopa
(Table). None of these patients showed a reduction in
disability score after levodopa, and none developed
dyskinesias, nausea, or vomiting.

Plasma growth hormone
All eight patients who did not respond clinically to
levodopa showed an increase in plasma GH con-

centration greater than 5 ng/ml after levodopa 1 g or
a tablet of Sinemet. The increase in GH concentration
was approximately as great in patients who did not
respond clinically as in those who did (Table).

LEVODOPA REVERSAL OF EARLY MORNING AKINESIA
Plasma levodopa
Mean peak plasma DOPA levels after levodopa 1 g or
Sinemet one tablet were similar in patients A-F, and
in the 18 patients with a much more stable clinical
response. Plasma DOPA and GH levels in patients
A-F are shown in Fig. 2. The mean peak plasma
DOPA concentration was 6.6±0.3 [smol/l after the
initial levodopa or Sinemet dosage; 6.1 ±0.7 ,umol/l
after the second; and 4.6 ±0.2 ,smol/l after the
third. In patients A, C, D, and E, plasma DOPA
levels fluctuated after separate Sinemet dosages.

Reversal of early morning akinesia in patients

A-F occurred at the same time as the initial increase
in plasma DOPA concentration. On the day of test,
there was little change in total disability score over
the eight hours test period in patient C. In the other
patients, total disability scores varied considerably
over the test period. With the two hourly oral
levodopa or Sinemet dosage schedule followed,
clearly defined end-of-dose akinesia did not occur
or could not be distinguished from 'yo-yo' episodes.
Overall, disability was least when the plasma DOPA
concentration was high, and greatest when it was
low. At the time of greatest clinical response, the
mean plasma DOPA concentration was 3.6± l
btmol/l, and at the time of least therapeutic response,
after the initial morning improvement, but excluding
'off' periods during 'yo-yo' episodes, it was 2.5 ±0.5
pmol/l. However, in patients A-F, clinical improve-
ment (reduction in total disability score compared
with morning pre-treatment values) was not directly
related at any one time to the plasma DOPA con-
centration at the same time, or that occurring 30
minutes previously (r= 0.18 and 0.14 respectively, in
both cases P>0.1, NS).

Plasma growth hormone
The fasting plasma GH levels were low (0.5-5 ng/ml)
in patients A-E, and high (12 ng/ml) in patient F

(Fig. 1). After Sinemet, the mean peak plasma GH
concentration was 18± 5 ng/ml after the first dosage;
5 ± 1 ng/ml after the second; and 4± 1 ng/ml after the
third.

After levodopa or Sinemet, the peak plasma GH
concentration occurred within 30 minutes of the
time of peak plasma DOPA concentration on most,
but not all occasions. As in patients with a stable
clinical response, there was no statistically significant
relationship between the peak plasma DOPA and
GH concentration in patients with a fluctuating
response (r= 0. 19, p>0.1, NS).

Fluctuations of clinical response were sometimes,
but not always, accompanied by fluctuations in
plasma GH levels and did not always occur at the

Table Mean age, peak plasma DOPA and GH concentrations after levodopa I g or Sinemet one tablet (25 mg I-alpha
methyl dopa hydrazine and 250 mg levodopa) in different patient groups

No. of Mean age Mean peak plasma
patients -

Male Female (yr) Dopa Plasma GH
(Pmol/l) (ng!ml)

Subjects without Parkinsonism 8 8 - 34 6.6 ±0.5 32±4*
Parkinson's disease: stable levodopa response 18 14 4 65 4.6±0.5 22± 3.3
First year of levodopa treatment 6 5 1 63 4.7± 1.1 24 ±6.9
Second-fifth year of levodopa treatment 12 9 3 66 4.6±0.5 21±3.7
DOPA swingers 6 5 1 64 6.6±0.5 18±5.2
DOPA failures 8 4 4 63 2.5±0.5t 19±2.7

*Difference peak plasma GH, non-Parkinsonism: Parkinsonism subjects, P < 0.01, Student's t test.
tDifference peak plasma DOPA, DOPA failures: DOPA responders, P < 0.01, Student's t test.
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Fig. 2 Individual

plasma DOPA

(lAmol/l) and growth
hormone (GH;-
ng/ml) concentration

in six patients

(A-F) with

Parkinson's disease

who had developed
severe response

swings during

levodopa therapy.

All patients were

given four separate

oral dosages of
Sinemet one tablet
(A-E) or levodopa

g (F)at two hour

intervals during an

eight hour test

period. The time of
occurrence of

severe levodopa

dyskinesias and

marked response

swings is indicated.

U: levodopa
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*: off.

same time as gross changes in plasma GH con-

centration.

'YO-YO'1 RESPONSE SWINGS

Plasma levodopa
Two patients, E and F, had definite 'yo-yo' episodes
during the trial period. These response swings oc-

curred 30-120 minutes after initial or subsequent
levodopa dosages, and lasted for 10-30 minutes. In

patient F, there was a fall in plasma DOPA con-

centration before two swings from mobility to akin-

esia, which occurred 45 minutes and 120 minutes after

separate doses of levodopa. In patient E, 'yo-yo' res-

ponse swings occurred 60 minutes after oral Sinemet

dosage, accompanying fluctuation in plasma DOPA
concentration from 6.1 to 1.6 ttmol/l. Similar fluctua-

tions in plasma DOPA concentration occurred in

patients A, C, and D, but 'yo-yo' response swings did

not occur.

Plasmagrowth hormone

In patient F, a 'yo-yo' response swing occurred when

the plasma GH concentration was low, while on two

other occasions (patients E and F) a 'yo-yo' response

occurred simultaneously with a rise in plasma GH
concentration.

LEVODOPA DYSKINESIAS

Plasma kevodopa
Plasma DOPA and GH concentrations were deter-

mined in patients A-F during levodopa dyskinesias.
The timing and occurrence of dyskinesias are shown

in Fig. 2. In most patients, dyskinesias were of

greatest severity when the plasma DOPA concentra-

tion was high, but in one patient dyskinesias were

equally severe when the plasma DOPA concentration

was low (1.3 ptmol/1), and high (6.1 pmol/l).

Plasma growth hormone

In patients A-F, levodopa induced dyskinesias mainly
occurred when the plasma GH concentration was

high, although in patient B, dyskinesias were also

present when the plasma GH concentration was low

(4 ng/ml).

SUBJECTS WITHOUT PARKINSONISM

Plasma kevodopa
The mean peak plasma DOPA concentration after

levodopa g was higher in eight subjects who did not

have Parkinson's disease than in 24 subjects with

Parkinson's disease who responded to levodopa
treatment (Table) There was a considerable variation
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in peak plasma DOPA concentration in individual
controls and subjects with Parkinsonism.

Plasmagrowth hormone
All normal subjects had an increase in plasma GH
concentration after levodopa 1 g. The increase in
mean peak plasma GH concentration after levodopa
was significantly greater in eight control subjects than
in 24 patients with Parkinsonism. However, mean
peak plasma DOPA levels were higher in control
than in Parkinsonism subjects, individual patients
with Parkinson's disease had as great a rise in plasma
GH concentration after levodopa as did control sub-
jects, and the mean age of control subjects was lower
than that ofpatients with Parkinson's disease.

Discussion

In normal subjects, exercise increases production of
growth hormone (GH), and in Parkinsonism, akinesia
may be associated with reduced resting plasma GH
levels. Mena et al. (1973) reported that basal plasma
GH levels were low in untreated patients. The stress of
vomiting caused by levodopa may influence GH res-
ponses in normal and Parkinsonism subjects, and
Malarkey et al. (1974) found that the expected GH
response to levodopa was lost after chronic treatment.
However, most of the patients we studied had a rise in
plasma GH concentration after levodopa, despite
several years of treatment, as was found also by
Lebovitz et al. (1974). The GH response to insulin
hypoglycaemia is possibly reduced in Parkinsonism
(Lebovitz et al., 1974), although this is not always so
(Werder et al., 1970). Minor differences in GH res-
ponse to catecholamines and other stimuli in Parkin-
sonism and normal subjects are likely to result from
differences in age, or akinesia. The rise in plasma GH
concentration after levodopa or the dopamine
agonist apomorphine is lower in old than young
people (Sachar et al., 1972; Maany et al., 1975), and
the difference in peak plasma GH concentration after
levodopa that we observed in Parkinsonism and
normal subjects, may have been due largely if not
entirely to difference in age.
There does not seem to be any practical con-

sequence of the periodic hormonal changes cavsed by
levodopa in Parkinsonism. In levodopa-treated
patients, a number of possible hormonal effects have,
however, been recorded, including a high incidence of
goitre (Eddy et al., 1971), post-menopausal bleeding
(Kruse-Larsen and Garde, 1971), and hypersexu-
ality in the male (Barbeau, 1969).
The different kinds of response variation that occur

in levodopa-treated patients with Parkinsonism have
different causes (Barbeau, 1972; Marsden and

Parkes, 1976). However, as judged by the GH data,
none of the response swings that we have investigated
appears to result from either an increased or a de-
creased receptor sensitivity to dopamine. The thera-
peutic effect of a single oral dose of levodopa lasts
two to four hours (Muenter and Tyce, 1971). Periods
of relative akinesia are most commonly associated
with low DOPA levels, and mobility with high levels
(Sweet and McDowell, 1972; Fahn, 1974; Tolosa
et al., 1975). Intravenous levodopa and the main-
tenance of steady plasma DOPA levels will avoid this
type of fluctuation (Shoulson et al., 1975). In con-
trast to early morning and end-of-dose akinesia,
'yo-yo' response swings are unpredictable in time and
not clearly related to the plasma DOPA concentra-
tion. Changes in plasma GH concentration had little
definite relationship with variations in clinical res-
ponse ofthis type.

It is improbable that the increase in plasma GH
concentration caused by levodopa is important in the
anti-Parkinsonism effect of this drug, since patients
who did not have an increase, did make a thera-
peutic response. However, Cotzias et al. (1976)
suggested that metabolic changes as a result of GH
release might modify the effects of anti-Parkinsonism
drugs. The antagonist of GH, somatostatin, antag-
onises the effects of GH on apomorphine and
levodopa in animals.
The causes of failure to respond to levodopa in

Parkinsonism are complex. The diagnosis of idio-
pathic Parkinson's disease is sometimes difficult, and
other conditions with similar clinical features, such as
striatonigral degeneration may be present, in which
the response to levodopa is limited. Extreme depletion
of striatal decarboxylase may theoretically occur, and
striatal formation of dopamine may be impossible
despite large doses of levodopa (Caine et al., 1974).
Competition between levodopa and other dietary
amino acids may prevent adequate quantities of
levodopa penetrating the brain, and so be responsible
for response fluctuations or failure (Mena and
Cotzias, 1975). In other patients, and possibly those
we studied who did not respond to levodopa, absorp-
tion of levodopa from the gastrointestinal tract
may be erratic or delayed. However, in these patients
who did not have, or who had lost, all clinical res-
ponse to levodopa, the levodopa-GH response was
normal, indicating that dopamine-stimulation ofGH
systems had occurred.
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